Streptomycetes and aerobic bacteria able to utilize cysteic acid and taurine as sole sources of energy, nitrogen and sulphur were isolated from soil materials. None of the isolated fungi did this. The bacterium which was used in most experiments grew on both compounds. The sulphur of the compounds was recovered as sulphate and most of the nitrogen as ammonia after breakdown by growing or pregrown organisms. A significant portion of the nitrogen was assimilated by the growing organisms. Sulphite appeared as a transitory sulphur product. Deamination preceded desulphuration in early periods of incubation; the reactions were brought about by adaptive enzyme systems. Dissimilation of cysteic acid by pregrown organisms was maximum at reactions close to neutrality. During development of pregrown organisms at pH 8.5 and 9.0 appreciable amounts of sulphite were detected. Acid reactions which inhibited development of the cultures were produced during decomposition of taurine.
INTRODUCTION
Cysteic acid and taurine both occur in animals and taurine has been detected in some plants (Jacobsen & Smith, 1968) . One or both of these sulphonates can serve as the sole source of sulphur for some micro-organisms (Steinberg, 1941 ; Roberts, Abelson, Cowie, Bolton & Britton, 1955; Margolis & Block, 1958; Braun & Fromageot, 1962) . Ikeda, Yamada & Tanaka (1963) reported that an Agrobacterium species could use taurine as its principal source of both carbon and nitrogen. Taurine was used as a source of nitrogen by five of 13 bacteria tested by Den Dooren de Jong (1926) , but it did not support growth of any of the cultures. With complete breakdown of taurine by the Agrobacterium species most of the nitrogen and sulphur of the compounds was released as ammonia and inorganic sulphate (Ikeda et al. 1963) . Braun & Fromageot (1962) reported that Aspergillus niger converted cysteic acid to taurine which was deaminated to form isethionic acid, which in turn was broken to yield sulphate. Garreau (1941) noted that ammonia and sulphate were produced from taurine, but not from cysteic acid by A. niger, whereas others (Obata & Ishikawa, 1954 ) stated that no sulphate was produced from either cysteic acid or taurine by this fungus or three other aspergilli. 
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taurine was oxidized to sulphate in one week, and in a medium, inoculated with soil suspension, which contained taurine as the only organic compound, 65 % of the taurine sulphur appeared as sulphate in 2 weeks and 100% in 6 weeks. The conversion of cysteic acid in some animals was ascribed to its decarboxylation followed by release and oxidation of the sulphur of the resulting taurine to sulphate by micro-organisms inhabiting the intestinal tract (White, Another type of transformation is suggested by the results of Sumizu (I 962), who found that cysteinesulphinic acid was desulphurated to alanine and sulphite by an extract of rat liver. The present report is concerned with the decomposition of cysteic acid and taurine by micro-organisms isolated from soil, the course of breakdown by growing cultures and pregrown organisms, and the effects of some cultural factors on the transformations.
METHODS
Cultural. Pure cultures of micro-organisms were isolated from the following soilinoculated medium used in 100 ml. amounts in 250 ml. Erlenmeyer flasks: cysteic acid or taurine, 5 g. ; K,HPO,, 2.0 g. ; KH,PO,, I -0 g. ; CaCl, .2H,O, 0.05 g. ; MgCl, .2H,O, 0.05 g. ; FeCl, . 6H20, 0.01 g. ; distilled water to 1000 ml. After adding the cysteic acid or taurine the media were adjusted generally to pH 7.0. In pure culture studies the taurine medium contained 0.0004 % bromthymol blue. Periodically during incubation sterile NaOH was added to the cultures to neutralize the reaction. The cultures were incubated at 28" on a rotary shaker (240 to 280 cycles/min.). Pregrown organisms consisted of organisms from a 24 h. culture which had been centrifuged and the deposit washed. The recovered organisms were added to test media to provide I x 1oI2 organisms/ml. Unadapted organisms were those grown on nutrient broth. Adapted organisms had been grown in media containing cysteic acid or taurine for at least 20 h.
Analytical. Sulphate was determined as benzidine sulphate (Kahn & Goodridge, 1926). Sulphite was determined by iodine titration, its identity being confirmed by the blocking effect of formaldehyde on the reaction with iodine. Ammonia was determined by Nesslerization, and amino nitrogen by the method of Danielson (1933) as modified by Hotchkiss (1956), with correction for ammonia nitrogen in the solutions.
RESULTS

Breakdown by mixed microbial populations
Flasks of the cysteic acid and taurine media with initial reactions of pH 4.0 and 7.0 were inoculated with dilutions of three soil materials and incubated for 10 days, after which the sulphate content and pH values were determined. Table I shows that the reaction of all the inoculated taurine culture solutions had become strongly acid, but that little or no sulphate was produced from taurine in the medium which was initially acid, and that about 30 yo of the taurine sulphur was released as sulphate in the solutions which were initially at pH 7.0. There was little change in the reaction of the cysteic acid media and appreciable amounts of sulphate were produced in only one of the culture solutions.
Transformation by growing cultures
Many cultures of aerobic micro-organisms isolated from the enrichment media were tested for their ability to utilize cysteic acid or taurine as sole source of organic matter, sulphur and nitrogen. Several bacteria and streptomycetes but none of the isolated fungi were able to do this. More of the cultures survived in the cysteic acid medium than in the taurine medium. The destructive effect of the latter is ascribed to the acid product of taurine breakdown; even when the initial pH value was neutral it became below pH 3-0 in a few days. Three of the isolated cultures were selected for further study. One Table I . Breakdown of taurine and cysteic acid by mixed soil populations
The culture media containing cysteic acid or taurine and inoculated with soil suspensions were tested for changes in reaction and sulphate production after incubation for 10 days. 
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of these, bacterium B I~ (Pseudomonas sp.), grew in media which contained either cysteic acid or taurine as sole organic constituent and source of sulphur and nitrogen. Bacterium B I~ grew at the expense of taurine but not of cysteic acid; streptomycete s I 5 grew on cysteic acid but not on taurine. In the following experiments the reaction of the taurine medium was held close to neutrality by adding NaOH periodically. There was little change in pH value of the cysteic acid culture solutions. Nearly all of the cysteic acid was deaminated and its sulphur converted to sulphite and sulphate by organisms B 14 and s 15 in 4 to g days ( Table 2) . As much as 10 % of the cysteic acid sulphur appeared as sulphite during the period of most rapid growth of the streptomycete (5 to 7 days) and it disappeared subsequently. The amount of sulphite even exceeded that of sulphate at one test period. Deamination and desulphuration of taurine by organisms B 14 were nearly complete in 10 days, but were considerably slower with organism B 17. Deamination was greater than desulphuration by all cultures during the first few days of incubation. Comparison of the values for amino nitrogen and ammonia showed that the amount of deamination exceeded that of the ammonia released during the periods of most rapid growth. The difference is ascribed to assimilation of part of the nitrogen. 
Transformation by pregrown organisms
In the following experiments, only organism B I~ was used. As in the growth experiments, cysteic acid and taurine were broken down, deamination was greater than desulphuration during early incubation periods (Table 3) , and loss of amino nitrogen exceeded production of ammonia. Organisms pregrown on cysteic acid or taurine attacked cysteic acid rapidly, and those grown on taurine decomposed taurine at the same rate, but there was a delayed attack of taurine by organisms grown on cysteic acid. Both compounds were decomposed more slowly by organisms pregrown on nutrient broth, and desulphuration by these organisms was slower than deamination.
The following observations provide additional evidence that the dissimilations were brought about by adaptive enzyme systems. Chloramphenicol at 10 pg./ml. and higher inhibited growth of organism B 14 on cysteic acid and greatly decreased the deamination and desulphuration by pregrown non-adapted organisms (Table 4) . Whereas dissimilation of cysteic acid by similarly prepared organisms was completely suppressed by 20 pg./ml. chloramphenicol in the medium at the time the organisms were added, there was no inhibitory effect when the chloramphenicol was added 3 h. after the organisms had been introduced into the medium (Table 5) . Chloramphenicol had little effect on either deamination or desulphuration of cysteic acid by adapted organisms; at IOO pg./ml. deamination was decreased only 24 yo and desulphuration 59 %. Cysteic acid-adapted organisms attacked not only cysteic acid but also taurine in the presence of 40 pg. chloramphenicol/ml. ; taurine-adapted organisms decomposed taurine but not cysteic acid under the same conditions. Table 5 . Efect on dissimilation of cysteic acid of chloramphenicol added at diferent periods after introducing unadapted organism B 14 (Pseudomonas sp.) to the substrate 100 ml. portions of media contained 0.5 % cysteic acid and I x iol2 washed organisms unadapted to the substrate. Chloramphenicol to provide 20 pg./ml. was added immediately or 3 or 6 h. later. Determinations for ammonia and sulphate as indices of deamination and desulphuration respectively were made 50 h. after adding the chloramphenicol. Deamination and desulphuration of cysteic acid by pregrown organisms were maximum in media with initial reactions close to neutrality (Fig. I) . After incubation for 5 and 10 h. there was more deamination than desulphuration, but after 32 h. both transformations were close to IOO yo in media which had initial values above pH 6.5.
Sulphite was detected in media at all reactions except pH 5.0, and it occurred in appreciable amounts only in those with initial reactions above pH 8.0 at the 5 and 10 h. periods. Sulphite had disappeared from all media in 32 h. Organisms added to a 6-2 82
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mineral salts solution containing sulphite partially protected the sulphite against oxidation at pH 9.0; 24% of the sulphite remained in the agitated solution incubated at 2 8 ' for 5 h., whereas all sulphite was oxidized in the absence of organisms. Cysteic acid was broken down by organism B I~ only under aerobic conditions. Neither sulphate nor ammonia was produced in 22 h. by pregrown organisms suspended in media which completely filled the culture flasks. Furthermore, only small amounts were produced in 50ml. portions of medium in 250ml. flasks incubated without shaking, whereas practically all of the nitrogen and sulphur was released in 100 ml. portions of mechanically shaken medium. (1962) that isethionic acid is an intermediate in the transformation of cysteic acid and taurine could explain this effect, They noted that Aspergillus niger decarboxylated cysteic acid to taurine which was deaminated to isethionic acid, which, in turn, was desulphurated with release of sulphate. However, the bacterial extract of Ikeda et al. (1963) which deaminated and desulphurated taurine, did not liberate sulphate from isethionic acid, and this compound did not promote oxygen uptake by the extract. Sulphite appeared as a transitory product of desulphuration of cysteic acid when the medium was distinctly alkaline, it was not detected as a breakdown product of taurine. However, sulphite is readily oxidized chemically at acid reactions, especially in the presence of iron (Heimberg, Fridovich & Handler, 1953; Fridovich & Handler, 1957) ; the transformation of taurine was not studied at alkaline reactions.
There is still uncertainty about the course of events in the dissimilation of cysteic acid by micro-organisms, and there is evidence that the events may not be the same in all cases. According to prevailing opinion the first step in breakdown of cysteic acid by animal tissues and micro-organisms is decarboxylation to taurine. Results with organism B 14 pregrown on cysteic acid, taurine and nutrient solution in the presence and absence of chloramphenicol indicate that this was the initial transformation of cysteic acid by this organism. However, taurine was an unlikely intermediate of breakdown of cysteic acid by Streptomyces s15 which grew on cysteic acid but not on taurine. Instead of decarboxylation, the initial reaction by this Streptomyces s 15 may have been deamination by transamination. Such reactions have been noted for enzyme systems of muscle tissue whereby cysteic acid underwent transamination with a-ketoglutarate or oxaloacetate to produce sulphonylpyruvate and glutamate or aspartate (Braunstein, 1939; Cohen, 1940; Darling, 1952; Kearney & Singer, 1953) . Whether ammonia was released by deamination of taurine or of the amino acids produced by the transamina tion reaction, the evidence indicates that deamination preceded desulphuration.
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